Two basement terranes, the Zambales ophiolite in the west, and the Angat ophiolite in the east, are exposed on the island of Luzon, separated by a circa 10 km thick and circa 100 km wide sedimentary basin. The structural and age relationships between the two ophiolitic blocks are central to understanding the geologic and tectonic development of the northem Philippines and evaluating models of terrane evolution proposed for this area of the western Pacific. We analyzed zircons from the Zambales and Angat terranes to better constrain their origin. Two zircon fractions from tonalite in the Acoje block of the Zambales ophiolite give concordant U-Pb ages at 44.2 (t0.9) Ma. Two zircon fractions from plagiogranite and one fraction from diorite in the Coto block of the Zambales ophiolite give concordant U-Pb ages of 45.1 (t0.6) Ma. These results provide a Middle Eocene age for the Zambales ophiolite, in agreement with the minimum Late Eocene age of the overlying Aksitero Formation. No age difference is discemed between the arc-like Acoje block and MORB-like Coto block of the Zambales ophiolite. Four zircon fractions from two sample sites in the Angat ophiolite give concordant ages of 48.1 (t0.5) Ma. This age is considerably younger than the Late Cretaceous age based on radiolarian fauna derived from a sheeted dike-pillow lava-sediment sequence south-southeast of the main ophiolite. The small age difference between the Zambales and Angat ophiolites suggests a common origin and obviates the need for a major structural discontinuity west of the Southem Sierra Madre beneath the Central Valley of Luzon. The Cretaceous biostratigraphic ages of the ophiolitic rocks southeast of the Eocene Angat ophiolite implies that there are two ophiolitic basements exposed in the Southem Sierra Madre. The relationship between the two ophiolites is constrained by the overlying stratigraphic relations which indicate that an Eocene volcanic arc and associated volcaniclastic apron was built on both the Eocene and Cretaceous ophiolitic basement. This suggests that the Zambales-Angat ophiolite represents a preserved Eocene back-arc basin that opened behind an Eocene arc that developed within Cretaceous oceanic basement. In this model, the Zambales-Angat ophiolites are therefore not allochthonous terranes but part of a single plate, generated in situ, forming part of the autochthonous basement of Luzon.
INTRODUCTION
The Philippine archipelago is widely recognized as a natural laboratory in which to study tectonic processes occurring during the evolution of terranes prior to their accretion to continental margins. However, the lack of well-constrained isotopic ages on Philippine pre-Neogene igneous and metamorphic rocks commonly assigned to "basement," has been a continuing problem in Philippine geology. A knowledge of precise ages is critical for evaluating models of the tectonic evolution of the Philippines and the complex western Pacific region. Most isotopic ages reported from the Philippines are poorly documented K-At ages making it difficult to evaluate their integrity [Wolfe, 1981] . Paleontological dates of sedimentary rocks in the terranes provide only minimum ages of the underlying ophiolites and these rocks commonly have uncertain relationships with adjacent formations. Furthermore, many reported paleontological ages lack the precision to resolve events especially in a complex orogenic area like the Philippines.
A few well-documented isotopic studies have placed important constraints on the origin of some basement areas in the Philippines. For example, using the known variation of 87Sr/86Sr
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0148-0227/93/93JB -02167 $05.00 in seawater over time, Knittel and Daniels [ 1987] demonstrated that marbles in northern Mindoro (Figure 1 ), on the Eurasian side of the Philippines, must have formed in pre-Early Permian time. They also reported a Rb-Sr whole rock model age of at least 180 Ma (Jurassic) from a granite in the same area. This established the Paleozoic age of the northern Mindoro metamorphic complex and thus its probable Eurasian affinity [Hamilton, 1979] which had been questioned by some workers [Karig, 1983 Here we report zircon U-Pb ages from the Zambales and Artgat ophiolites, the two most studied and perhaps most fundamental suspect terranes in Luzon, and attempt to establish their origin and relationship. The results have important beating on the nature of the basement between the older terranes recognized in the west and east as discussed above and place constraints on the evolution of the Philippine island arc complex as a whole. [1989] reported the following whole rock K-Ar ages with quoted errors: 44 (+3.5) Ma from a "granodioritic phase" and 44.1 (+3.0) Ma from a sill in pillow lava from northern Zambales; 46.6 (_+5.1) Ma from a dike in gabbro at the Coto mine in central Zambales. They adopted an Eocene age for the ophiolite but noted that "more refined ages are needed." The caution was warranted since whole rock K-Ar ages may record a cooling age, a later thermal event, or may be geologically meaningless if the system acquires excess Ar or experiences partial Ar loss. The UPb system in zircon, however, is capable of recording crystallization ages on account of its high blocking temperature for Pb ( >750øC [Heaman and Parrish, 1991] . The sample is a leucocratic tonalite occurring as a small pod a few meters wide that has mutually intrusive relations with multiple phases of gabbro. At some borders the leucocratic material grades imperceptibly into gabbro while, at others, gabbro exhibits chilling against the former with "pillowed" surfaces convex into the tonalite. The whole outcrop is cut by both aplite and diabase dikes. These field relations indicate that the tonalite formed coevally with the gabbroic magmas, and therefore the age of this sample records the time of crystallization of this section of the ophiolite.
The second sample from the Coto block is a hornblende quartz diorite (ZA9101-12) taken approximately 2 km upstream of the first sample (Figure 3) sheeted diabase dikes. The dike is structurally concordant with the diabase dikes and one contact shows chilling of diabase against the leucocrafic dike. In thin section the sample appears highly altered with abundant epidote, chlorite, albitized plagioclase and Fe-Ti oxides. Zircons analyzed from •e first sample, ANCO007-2, were pristine and euhedral ones whereas those from ANG9101-2 were anhedral, reddish, partly opaque or turbid varieties. However, both samples give the same internally and externally concordant ages as discussed below.
Nonophiolite P lutons
We have results from two plutons that are unrelated to the ophiolites but are pertinent to this study. One sample is a quartz sequentially leached in warm HC1-HNO 3 and dilute HF then rinsed several times in ultra pure water prior to dissolution. Zircons (and titanite for one sample) were spiked with a mixed 2ø5pb-235U tracer and bombed for at least 60 hours at 240øC in concentrated HF and nitric acid using micro capsules similar to those described by Parrish [1987] . Column chemistry is similar to that described by Parrish et al. [1987] . All zircon fractions were processed with the HC1 procedure except sample ZA91014 and the zircon-fitanite composite of sample ANG9101-2 which went through HBr chemistry. Total procedural blanks for zircon varied over the course of this study, earlier blanks being circa 100-250 pg (one as high as 2 ng, though). Later blanks settled to values of about 70 pg. The amount of Pb in the feldspars made blanks for the common Pb determination insignificant. The initial lead and blank composition correction was important for almost all zircon samples on account of the relatively low 2ø6*pb/2ø4pb ratios.
Assigned initial Pb compositions were measured on cogenetic feldspar for each sample except ANG9101-2, which used the common lead isotopic composition of ANG9007-2. Two blank isotopic compositions were measured, each based on a composite of four total procedural blanks.
All lead ratios were corrected for mass discrimination at 0.10% per amu based on replicate analyses of standard NBSand 207pb/206pb are 0.5% and 0.06%, respectively, and (7) within run errors on isotopic ratios (most less than 0.1%).
RESULTS
The analytical results and calculated ages are given in Table 1 In summary, the ages of ophiolitic basement, the regional facies distribution of the overlying sediments, volcaniclastics and plutons, and the apparent lack of major disturbances in the subsurface structure of the Central Valley (see Tamesis et Excluding the Sierra Madre, the only Cretaceous ages reported from northern Luzon are from radiolarian cherts incorporated in a north-south shear zone exposed locally along the western side of Luzon ("West Luzon Shear Zone" [Karig, 1983] ). The origin of this shear zone is not certain but Karig [1983] 
